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BRAKE BANDS FOR AN AUTOMATIC TRANSMISSION AND METHOD FOR 
CONTROLLING A GEAR SHIFT IN AUTOMATIC TRANSMISSION AND 
FEEDBACK LOOP CONTROL SYSTEM 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application claims the benefit of U.S. Provisional Application Serial No. 
60/254,476, titled "Brake Bands for an Automatic Transmission and Method for 
Controlling a Gear Shift in Automatic Transmission and Feedback Loop Control 
System," filed December 8, 2000. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates generally to a brake band for an automatic 
transmission and, more particularly, to a brake band for an automatic transmission 
that employs a two-stage solenoid for providing an initial fast apply pressure to the 
band and then a PID controlled apply pressure to the band based on measurements 
of the brake drum speed and band loading. 

2. Discussion of the Related Art 

Automatic transmissions used in modern passenger vehicles typically employ 
both band shifting mechanisms and friction disk or clutch pack shifting mechanisms. 
The relatively simple hydraulic control systems that were used at the time automatic 
transmissions were originally designed made the choice between band shifting 
mechanisms and clutch packs dependent upon packaging, to a great degree. More 
modern designs, however, have employed more sophisticated control strategies. 
Band shifting mechanisms have typically been avoided in these newer designs 
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because of concerns with band response time and variability as compared to clutch 
pack shifting mechanisms. Band shifting mechanisms do, however, have 
advantages of durability and spin loss over clutch pack shifting mechanisms. 

The environment that a band shifting mechanism operates in is not as 
controlled as a clutch pack shifting mechanism environment. Lubrication variation, 
actuation fluid volume, and system stretch are variables that cannot easily be 
handled with mapped responses in band systems. It has, therefore, been a goal in 
the art to allow transmission designers the same packaging flexibility previously seen 
in legacy transmissions without compromise of modern controls or customer 
satisfaction. 

U.S. Patent No. 6,110,068 discloses a synchronized shifting technique that 
employs two separate friction elements for use in a brake band or friction disk 
transmission. The friction elements are monitored during the shift and adjusted to 
provide an improved gear ratio shift. While such a technique may provide improved 
transmission shifts, it lacks certain characteristics that allow precise control of the 
band during the shift. A more precise control of the brake band would provide an 
even smoother and more desirable shift of the transmission. 

SUMMARY OF THE INVENTION 
In accordance with the teachings of the present invention, a brake band 
shifting mechanism and associated method is disclosed for providing an improved 
automatic transmission shift control. The brake band mechanism employs a two- 
stage hydraulic servo that is operatively coupled to an actuatable linkage to 
positively compress and expand the brake band wrapped around a brake drum of 
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the transmission. During the first stage, the servo applies a fast-acting compression 
force to the brake band to move the band to a first predetermined position where the 
band first comes in contact with the brake drum. During the second stage, a closed 
loop control is used to apply positive pressure in both the apply and release 
directions of the band to control the speed of the drum during the shift based on 
predetermined shift parameters. The shift parameters are based on predetermined 
inputs, such as drum speed and position and band strain. The invention monitors 
the actual shift parameters during the shift in order to produce a smoother shift than 
those brake band shift mechanisms known in the art. 

The servo includes a fast acting piston that positions the band under a first 


predetermined position and, thereafter, applies a ramp-up pressure and a ramp- 
down pressure on the band that provides a smooth feeling shift of the transmission. 

This allows the brake band mechanism of the present invention to operate more 

O 

H* smoothly and alleviate drawbacks associated with known band-type shifting. The 
15 positive connection of the linkage allows the band to be modulated, particularly in the 

critical region of drum arrest. Further, the positive connection allows a design 

degree of freedom not seen with friction disks. Also, separation of the band from the 

drum can be optimized for spin loss characteristics. 

A further understanding of the present invention will be had in view of the 
20 description of the drawings and detailed description of the invention, when viewed in 

conjunction with the subjoined claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a side view of a brake band mechanism associated with an 
automatic transmission, according to an embodiment of the present invention; 

Figure 2 is a perspective view of an attachment clip assembly positively 
attached to an apply member coupled to the brake band shown in Figure 1 ; 

Figure 3 is a side view (partially in phantom) of the clip shown in Figure 2 of 
the present invention; 

Figure 4 is a side view of a two-stage servo in section showing a positive 
apply configuration of the brake band shown in Figure 1; 

Figure 5 is a hydraulic schematic view of a hydraulic circuit showing direct 
acting solenoids for use in connection with the brake band shifting mechanism of the 
present invention; 

Figure 6 is a hydraulic schematic view of a servo actuation system for use in 
connection with the brake band shifting mechanism of the present invention; and 

Figure 7 is a graph showing a typical shift curve for the control system of the 
brake band shifting mechanism of the present invention. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 
The following discussion of the invention directed to a brake band shift 
20 mechanism for an automatic transmission is merely exemplary in nature and is in no 
way intended to limit the invention or its applications or uses. 

Figure 1 is a side, cross-sectional view of a brake band shift mechanism 10 
for use in an automatic transmission of a vehicle. A brake drum 12 of the 
transmission is shown in cross-section, and would be one of a plurality of such brake 
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drums, as would be readily understood in the art. As is also well understood in the 
art, the brake band shift mechanism 10 would be one of a plurality of brake band 
shift mechanisms and/or clutch packs associated with the transmission of the vehicle 
to provide automatic shifting. 

The brake band mechanism 10 includes a brake band 14 wrapped around the 
drum 12, as shown. The band 14 includes opposing ends 16 and 18 defining a gap 
19 therebetween. As is well understood in the art, the brake band 14 expands and 
contracts around the drum 12 to allow or prevent the drum 12 from rotating and to 
control the speed of rotation of the drum 12. 

According to the invention, the end 16 of the band 14 is coupled to a clip 
structure 21, discussed in detail below. An attaching member 24 is coupled to the 
clip structure 21 , and is pivotally attached to a link arm 22 by a pivot pin 26. The link 
arm 22 is mounted to a secured portion 20 of the transmission opposite to the 
member 24. The pivot pin 26 allows proper actuation and pivoting of the band 14 
relative to the drum12 during expansion and compression of the band 14. The end 
18 of the band 14 is also coupled to a clip structure 36 identical to the clip structure 
21. An attaching member 32 is coupled to the clip structure 36, and is pivotally 
attached to a link arm 30 by a pivot pin 34. According to the invention, the link arm 
30 is mounted to a two-stage servo 28, discussed in detail below, of the transmission 
opposite to the member 32. The pivot pin 34 also allows proper actuation and 
pivoting of the band 14 relative to the drum 12 during expansion and compression of 
the band 14. It is to be readily appreciated that while the link arms 22 and 30 are 
disclosed as a particular concept, other suitable attachment mechanisms can be 
employed within the scope of the present invention. The clip structures 21 and 36 
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act to positively connect the attaching members 24 and 32, respectively, to the 
secured portion 20 and the servo 28 so that positive band adjustments can be made 
in both the apply and release directions of the band 14. 

Figure 2 is a perspective view and Figure 3 is a side view of the clip structure 
5 36 with the attaching member 32 mounted thereto, but separated from the 
mechanism 10. The clip structure 36 includes an attachment base member 38 
having opposing detentes 48 and 50, and an overturned portion 40 defining a 
2 concave cavity 44 having an inside radius 42. An end of the member 32 is 
positioned against the overturned portion 40, as shown. Additionally, an upturned 

s^0 portion 46 is produced by a cut-out portion of the base member 38. A spring clip 
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s member 52 couples the arm 32 to the clip structure 36 to provide positive control of 
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FU the band 14. The spring member 52 includes a lower peripheral member 54 that is 
Q positioned under the cavity 44, and includes an upturned leg 56, a horizontal leg 58 

jL-j, 

and engagement portions 60. The horizontal leg 58 and the engagement portions 60 
15 provide positive engagement with the member 32 for apply and release pressure to 
the band 14. The base member 38 may be either formed directly from the band 
material itself, or may be brazed, riveted or otherwise attached to the brake band 14 
and either end 16 or 18 thereof. 

Figure 4 is a plan view of a brake band shifting mechanism 130, according to 
20 another embodiment of the invention, that includes the servo 28 of the invention 
shown in cross-section. In this embodiment, the mechanism 130 includes an 
attachment arm 102 pivotally coupled to the portion 20 by a pivot pin 138 and 
pivotally coupled to a clip structure 132 by a pivot pin 140. Further, the mechanism 
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130 includes an attachment arm 134 pivotally coupled to the servo 28 by a pivot pin 
118 and pivotally coupled to a clip structure 136 by a pivot pin 116. 

The servo 28 includes a first rapid apply piston 62 and a second, larger apply 
piston 64 for more finite adjustments and control of the band pressure. The rapid 
apply piston 62 is actuated through a rapid apply/release channel 66, which goes 
through an actuator arm 68 by way of an internal cavity 70 to fill a rapid apply 
chamber 72. A hydraulic apply channel 74 fills a chamber 78 for finite control of the 
apply piston 64, and a hydraulic release channel 76 allows rapid release of the 
piston 62, when required, for releasing hydraulic fluid from a chamber 80. 

The piston 64 includes a seal 82 for sealing movement along an outer 
peripheral wall 84. A spring member 86 biases the piston 64 towards a return to the 
release position. A chamber 88 connects the apply piston 64 with the rapid apply 
chamber 72 via a ball-type check valve 90. Filling the chamber 72 pushes the piston 
62 down by way of retainer rings 92 and 94 and actuates the actuator arm 68. Upon 
filling of the chamber 72, the pressurization of the check ball seals an opening 96, 
and thereafter the pressure from the rapid apply system goes into the apply chamber 
C^2Jn the large piston 64. Thus, the chamber 72 is sealed off after rapid apply takes 
place, and the apply pressure then goes to the larger chamber 78 for actuation of the 
larger piston 64 to control the band pressure. After pressure release, the check 
valve 90 allows drainage of fluid from both the rapid apply cylinder and^he small 
apply cylinder. 

An orifice 120 is provided which further facilitates the rapid apply function. As 
the piston 62 is applied it meets resistance when the arm 68 pushes against the 
band 14, and pressure is redirected to the chamber 78. Pressure then bleeds 
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through the orifice 120 for equalizing the pressure between the chamber 72 and the 
chamber 78. This provides for a transition to the large chamber 7^ and the piston 62 
for closed loop control. 

A position detector 98 senses the position of a magnet 100 to determine the 
position of the actuator arm 68. By knowing the position of the actuator arm 68, the 
mechanism controller knows the distance that servo applying the band 14 can be 
moved before the band contacts the drum 12. This allows for safe rapid fill during 
initial actuation, and controlled fill after contact on a real time basis rather than 
estimations made on previous shifts. Strut strain sensors 102 and 104 may also be 
provided for measuring the compression or release position of the band 14. Band 
strain sensors 106, 108, 110 and 112 may be provided to measure the strain on the 
band 14 for adjustment of the apply and release parameters, depending on the 
desired shift parameters. Therefore, the speed of the drum 12 can be determined for 
determining its synchronization relative to other transmission drums of the 
transmission. 

Figure 5 is a hydraulic schematic 150 including a controlled flow direct acting 
solenoid 152 and a high-flow direct acting solenoid 154. The solenoids 152 and 154 
are coupled through line 156 to a supply tank 158. The solenoid 152 is coupled 
through line 160 to the release channel 76. Likewise, the solenoid 154 provides the 
apply pressure on line 164 to the apply channel 74. 

Figure 6 is a more detailed hydraulic schematic 170 for use in connection with 
the band mechanisms 10 and 130, according to another embodiment of the present 
invention. The schematic 170 includes a servo 172 that is the same as the servo 28 
discussed above. The schematic 170 includes the quick apply channel 66, the apply 
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channel 74 and the release channel 76, as discussed above, coupled to a switch 
174. A series of fluid lines 182 are connected to three solenoids 176, 178 and 180 
that direct the hydraulic fluid through the channels 66, 74 and 76 to the servo 172 in 
the manner as discussed above. 

Referring now to Figure 7, a graph depicting a typical shift as set forth in the 
present invention is shown. At the beginning of the shift, shown as ramp 1, the rapid 
apply piston 62 of the servo 28 is filled with a predetermined pressure based on, for 
instance, servo rod position, derived engine torque or the like, as discussed herein. 
As will be readily appreciated, this fill pressure may be adjusted, based on servo rod 
positioning or the like. This allows reaching of initial fill pressure quickly, using the 
quick apply piston 62 to stroke in the shortest possible time. Thus, the rapid fill at 
the beginning of the shift shown by ramp 1 allows the servo 28 to quickly move the 
piston 62. Thus, the actuator 68 quickly expands the band 14 to a position where it 
first contacts the drum 12. 

Typically, the servo rod position is used at the start of ramp 2, which starts 
closed loop operation mode of the band control. During ramp 2, the servo 28 is 
controlled by the various speed and position sensors associated with the 
transmission so that positive compression and expansion of the band 14 is tightly 
controlled to allow the drum 28 to be slowed at different rates over a predetermined 
time period during the shift. This allows the various other band elements and clutch 
pack elements associated with the transmission to be synchronized together during 
the shift. The shift control ramp 2 may be based on servo rod position, or another of 
the other measured inputs, or it can be time based. For example, the switch to 
closed loop control may be determined by a servo position sensor, apply strut strain 
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sensors, servo pressure, band strains, engine RPM, transmission torque output, or 
combinations of these. During ramp 2, the load on the band will be controlled by 
using a Proportional-lntegral-Derivative (PID) control (closed loop) software. This 
allows the zero piston apply force to be modulated and any over stroke from ramp 1 
5 to be corrected before the band torque is influenced. 

Ramp 3 shows band control at the end of the shift, and may be based upon 
how much the shift has been completed (using speed signals) or may be time based 
j3 or based on other parameters. During ramp 3, the load will continue to be controlled 


ru 

a 

RJ i.e., at the end of the shift point the drum 12 stops rotating. At this point the band 

La 


by the PID software. Ramp 3 may be used to modify the shift, via torque at the end 
of the shift. It will be readily appreciated that ramp 3 may be either positive or 
negative, depending on the desired shift parameters. Upon completion of the shift, 


load is expected to rise such that it is controlled by the transmission line pressure or 
a default valve of the solenoid circuit. In other words, the positive apply pressure on 
15 the band 14 at the end of the shift is the pressure that holds the drum 12 until its 
respective gear is engaged. 

It will be readily appreciated that when conditions are such that the band 14 
must be released, the software will typically be used to reverse the above sequence. 
The rapid release of the piston 62 is accomplished at the chosen point towards the 
20 end of the shift. Down shift conditions are also controlled by the closed loop 
software. It will be appreciated that other variations and modifications for controlling 
shift may be used with the positive control of the band. 

Those skilled in the art can now appreciate from the foregoing description that 
the broad teachings of the present invention can be implemented in a variety of 
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forms. Therefore, while this invention has been described in connection with 
particular examples thereof, the true scope of the invention should not be so limited, 
since other modifications will become apparent to the skilled practitioner upon a 
study of the drawings, specification and following claims and the appendix attached 
hereto. 


